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For several years, a four-step approach has been used in our institution for teaching the differential diagnosis and management of acute deterioration in an intubated neonate. 1 The four successive steps include rapid history, observation, manual ventilation, and, in those patients in whom no evident cause is found, further evaluation. These guidelines were developed based on a review of the literature [2] [3] [4] and of personal experience in hands-on training of house officers, fellows, and other health professionals. These guidelines were proposed as a complement (mostly designed for use in the neonatal intensive care unit) to the Textbook of Neonatal Resuscitation (designed for use in the delivery room), which is published by the American Heart Association and American Academy of Pediatrics, and was recently revised. 
DIAGNOSIS-BASED APPROACH: RATIONALE Use of Manual Ventilation
Cardiopulmonary resuscitation using manual ventilation, via either a face mask or an endotracheal tube (and, if necessary, external cardiac massage), is an important part of the assessment and treatment of many neonates who suddenly deteriorate. However, systematic use of manual ventilation may be questioned in specific patients or situations.
(1) Patients who are immediately recognized as having a primary cardiac problem may benefit more from a specific treatment, e.g., antiarrhythmic medication or pericardiocentesis.
(2) Instantaneous pulmonary mechanics (pressure-volume loops, compliance, inspiratory and expiratory tidal volume, flowvolume loops, and simultaneous measurement of flow and pressure), 6 available as part of many conventional ventilators currently in use, allows constant adjustment of ventilatory settings to lung mechanics, i.e., tidal ventilation, even during resuscitation. In contrast, interruption of mechanical ventilation may result in difficulty in maintaining constancy of ventilation parameters during manual bagging.
(3) Manual ventilation of a patient on high-frequency oscillation may result in loss of alveolar recruitment, unless the mean airway pressure (MAP) is transiently increased after bagging. High-frequency ventilators so far provide only limited information on pulmonary mechanics. Nevertheless, the amplitude of chest movements for a given peak pressure or pressure differential (⌬ p) provides a qualitative assessment of compliance, and MAP is adjusted to lung volume estimated by the position of the diaphragm on chest radiogram and to the fractional inspiration of oxygen required to obtain a hemoglobin saturation of Ͼ90%.
(4) Treatment of pulmonary hemorrhage includes high MAP and positive end expiratory pressure (PEEP). High PEEP can be achieved with Ambu bagging only if a PEEP valve is attached.
(5) The first step to treat sudden deterioration in a patient with nasal or nasopharyngeal continuous positive airway pressure is either to reposition the nasal prongs or tube if disconnected or to suction the nostrils and the pharynx.
Differential Diagnosis
The relative frequency of specific events has evolved as a result of changes in management and in survival of smaller, more immature infants. The incidence of pulmonary air leaks has decreased considerably in response to surfactant administration, as shown by metaanalysis of several randomized trials. 7 Currently, prevention or treatment of lung disease in neonates often includes prenatal and postnatal steroid administration, tidal ventilation, high-frequency ventilation, permissive hypercapnia, and inhaled nitric oxide. However, surfactant administration may be followed by pulmonary hemorrhage, and specific modes of high-frequency ventilation have been associated either with an increased risk for intraventricular hemorrhage or with an increased risk of periventricular leukomalacia.
In recent years, we have observed an increased incidence of acute deterioration in neonates without assisted ventilation. Iatrogenic complications may occur secondary to the performance of procedures or to the administration of medications. For example, pericardial effusion or catheter rupture may occur secondary to central venous lines, 8 refractory hypotension may occur secondary to angiotensin converting enzyme inhibitors, 9 methemoglobinemia secondary to inhaled nitric oxide treatment or to EMLA cream application, 10 and long QT syndrome secondary to cisapride. 11 The risk for drug interaction increases with the number of medications administered. One example of this is the increased risk for long QT syndrome in patients treated simultaneously with cisapride and cimetidine. Consequently, simultaneous administration of both cisapride and cimetidine is contraindicated. 12 Nevertheless, co-administration of prokinetic drug therapy along with antacids has recently been recommended for ba-bies with esophageal atresia and tracheoesophageal fistula. 13 We have observed unusual toxicity of medications under specific circumstances, e.g., fulminant necrosis of the esophagus and stomach secondary to endotracheal administration of epinephrine in the delivery room to a neonate who was later found to have a tracheoesophageal fistula.
DIAGNOSIS-BASED APPROACH: DESCRIPTION AND USE
In view of the aforementioned, we propose a diagnosis-based approach (Table 1) to the assessment and management of acute deterioration in a neonate, based on literature [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] and on personal experience. Manual ventilation may not be needed or appropriate in all patients, e.g., intubated patients whose condition is worsening because of a cardiac problem such as tachyarrhythmia. As detailed in Table 1 , assessment of the cardiovascular system and of the neonate's general condition should occur in parallel with the respiratory system ( Table 2) . For intubated patients, constant assessment of pulmonary function is crucial in the differential diagnosis and management. Ideally, care givers should be aware of the most likely causes for possible deterioration in a given infant, so that immediate action can be initiated if indicated. Anticipatory planning should be incorporated into routine care and management strategies. The number of possible diagnoses is too large to delineate each in Table 1 . The proposed therapeutic interventions include some medications that will still require further evaluations. 15 Modifications are likely to be required, dependent on the unique characteristics and specific morbidity patterns in various NICUs, which will in turn specify individual patterns of therapy.
The diagnosis-based approach has been used successfully in several situations, including the following examples. (1) An infant with chest tubes for bilateral pneumothoraces, who suddenly developed electromechanical dissociation. The infant was immediately assessed and treated with pericardiocentesis. (2) A patient with an umbilical venous catheter with a tip inside the heart, who developed cardiomegaly and muffled heart sounds. The patient received an emergency two-dimensional echocardiogram. Pericardiocentesis was done during the echography. (3) A patient with sudden loss of chest movements with the ventilator, loss of loops, and abdominal distension. The patient immediately received direct laryngoscopy and reintubation, rather than a trial of manual bagging, which might have aggravated abdominal distension. (4) A patient with decreasing compliance and increasing abdominal distension and with a PEEP less than the opening pressure (shown by a flat baseline on the pressure-volume loop). The infant was suspected of having necrotizing enterocolitis or a surgical condition and received a plain film of the abdomen. Immediate treatment included an increase in PEEP according to the opening pressure, an increase in peak inspiratory pressure to achieve an adequate tidal volume, and placement of an orogastric tube with intermittent suction.
Our experience suggests that the algorithm of the previously described four-step approach remains an adequate method in centers in which continuous display of pulmonary function is not available. In contrast, the diagnosis-based approach described here appears to be an efficient method for clinicians familiar with the interpretation and treatment of changes in pulmonary function.
